A high-statistic data sample of Ar(1.76 AGeV)+KCl events recorded with HADES is used to search for a hypertriton signal. An upper production limit per centrality-triggered event of 1.04 x 10 −3 on the 3σ level is derived. Comparing this value with the number of successfully reconstructed Λ hyperons allows to determine an upper limit on the ratio N3 Λ H /NΛ, which is confronted with statistical and coalescence-type model calculations. The hyperon-nucleon (Y-N) interaction plays an important role in nuclear physics. For example, the appearance of ΣN cusp structures in elementary reactions [1, 2] or the formation of quasi-molecules like the Λ(1405) [3] can be related to peculiarities of the YN interaction. Even our understanding of fundamental astrophysical objects like neutron stars demands a precise knowledge about this interaction: Depending on the strength of the YN interaction, the core of neutron stars might consist either of hyperons, strange quarks or a state with a kaon condensate, thus constraining the upper limit of neutron star masses [4] . The spectroscopy of hypernuclei, i.e. nuclei containing one or more hyperons, provides a tool for studying details of the YN interaction, which is partly responsible for their binding and hence their life-time [5] [6] [7] [8] .
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Recently, in addition to results from reactions induced by cosmic rays [9] , secondary meson [10] [11] [12] [13] or primary electron beams [14] , also data from relativistic heavyion collisions have been published. Most prominently is the discovery of the anti-hypertriton by the STAR collaboration at a center of mass energy of √ s N N =200
GeV [15] . But also at the lower beam energies signals have been reconstructed [16] and experimental programs are pursued. For instance in the kinetic beam energy range of 1-2 AGeV as provided by the SIS18 accelerator at the GSI Helmholtzzentrum for heavy-ion research in Germany, the HypHI collaboration recently published life time data for the hypertriton [17, 18] . In contrast to elementary particle beams, heavy-ion collisions are not limited to hypernuclei close to the valley of β stability and can therefore provide access to a larger variety of these states. The production cross section is an essential measurement in context of a comprehensive survey of strangeness degrees of freedom in heavy-ion collisions and future programs at FAIR [19] . The formation of composite particles is an interesting issue in heavy-ion collisions. While at low and intermediate energies describing the formation of fragments is a challenging but meanwhile well understood task [20] [21] [22] [23] [24] , at relativistic energies two descriptions are usually employed. In one model fragment formation is addressed via the coalescence of hadrons emerging from the collision zone [25, 26] , while the other assumes a thermal population of all hadronic and nucleonic states [27] . In the transition region, where the kinetic beam energy of nucleons is comparable with their rest mass, one needs more data, in particular for rare clusters with strangeness, to distinguish between the two approaches. The thermal model populates degrees of freedom (hadrons and their resonances as well as clusters) according to statistical weights. Coalescence formation of hypernuclei results due to the final state interaction between the involved baryonic objects and can in principle proceed along several paths. For example one can speculate about sequential multistep processes leading to 3 Λ H, "formation at once" in a three-baryon clusterization or strangeness exchange on preformed 3 H. The first step towards understanding the origin of strange hypernuclei in heavy-ion collisions at intermediate energies is to provide a constraint on the multiplicities. Here we focus on the hypertriton, i.e. In this study we used a high-statistic data set of about 7.37 × 10
8 events recorded with the High-Acceptance Di-Electron Spectrometer (HADES) to search for the production of hypertritons. HADES [28] is a chargedparticle detector consisting of a 6-coil toroidal magnet centered around the beam axis and six identical detection sections covering polar angles between 18
• and 85
• . Each sector is equipped with a Ring-Imaging Cherenkov (RICH) detector followed by Multi-Wire Drift Chambers (MDCs), two in front of and two behind the magnetic field, as well as a scintillator wall. Hadron identifica- tion is based on the measurement of its momentum, its time-of-flight and on its energy-loss information in the scintillators, as well as in the MDC tracking chambers.
The data presented here were acquired with an argon beam of ∼ 10 6 particles/s at a beam energy of 1.76 AGeV incident on a four-fold segmented KCl target with a total thickness corresponding to 3.3 % interaction probability. A fast diamond start detector located upstream of the target intersected the beam and delivered the time-zero information. The data readout was started by a firstlevel trigger (LVL1) requiring a charged-particle multiplicity MULT≥ 16 in the scintillator detectors. Based on a GEANT [29] simulation including the detector response and using Ar+KCl events generated with the UrQMD transport model [30] , we found that the event ensemble selected by this (LVL1) trigger condition has a mean number of participating nucleons ( A part ) equal to 38.5 ± 3.9.
The average life-time of hypertritons is expected to be comparable to the one of the Λ hyperon (cτ Λ = 7.9 cm). Hypertritons 3 Λ H were searched for via the decay
He. The branching ratio for this decay is about 25% [6, 7] . Hence, an important issue of the analysis was an identification of the two final-state particles with high purity. For details on the pion identification cf. [31] . The selection of 3 He ions is shown in Fig. 1 . Cuts are applied on the quality of the tracks and the energy-loss. The shift of the 3 He peak position can be fully reproduced by the GEANT simulation and is mainly due to the large energy-loss in the tracking detectors.
For further background suppression, various constraints on the decay topology, such as distance between the primary vertex and the decay vertex (d V 0 > 20 mm), minimal distance between the π − trajectory and the primary vertex (d π − > 10 mm), distance of closest approach between the two tracks of the decay particles (d dca < 8 mm) and distance of the hypertriton track to the primary vertex (d3 Λ H < 6 mm) were applied. To improve the decay vertex resolution a lower limit was required for the opening angle (α 3 He,π − > 17
• ) between the two daughter particles. The cuts on the decay topology were optimized using hypertriton decays simulated with PLUTO [32] and processed with the same GEANT simulation. The hypertriton mass was set to m3
2 . This value has been precisely measured by various experiments [8, 33] . The rapidity coverage of HADES for 3 Λ H relative to the center-of-mass rapidity of 0.86 ranges from -0.7 to 0.1. In general one would expect the hypertriton rapidity distribution to be a folding of rapidity distributions from particles carrying strangeness and heavier clusters. In order to estimate the maximum effect of the limited acceptance, two extreme cases have been used: A single gaussian shaped rapidity distribution in accordance with a single static Maxwell-Boltzmann source located at mid-rapidity as observed for kaons [28, 31] , or a rapidity distribution having a pronounced two-peak structure as observed for light fragments in this collision system [34] . In the second case the peaks are located at y = ±0.59 in the center of mass system having a width of σ = 0.35. The value for the slope parameter of the transverse momentum distributions T ef f = 100 MeV is taken in both cases as the one that was found for the Λ hyperon in the same collision system [35] . The width of the rapidity distribution from a single static thermal source located at mid-rapidity is then approximately (for T ef f << m3
To get a realistic estimate of the uncorrelated background, the simulated signal was embedded into real events before track reconstruction. The fraction of detectable hypertritons due to the acceptance acc and the reconstruction efficiency rec of the hypertriton were determined in simulations to acc · rec (twopeak) = 0.03% for those generated using a twopeak rapidity distribution and acc · rec (singlepeak) = 0.043% for those generated using a single-peak rapidity distribution. The acceptance acc includes a branching ratio of 25% [6, 7] .
In Fig. 2 (top) , the invariant-mass distribution of the real data as well as the mixed-event background are shown. The background is obtained by combining π − -3 He pairs coming from different events mixed within the same classes of multiplicity and target segments. Fig. 2 (bottom) illustrates that no significant hypertriton signal can be identified after background subtraction. Also a variation of the normalization interval (3010-3250 MeV/c 2 ) does not unravel an indication for a peak-like structure at the expected 3 Λ H mass (hatched region). However, with this null result, an upper production limit can be derived. For this purpose the FeldmanCousins approach [36] is used, which is based upon the statistics of available data. For this case the presented invariant-mass distribution and the mixed-event background of Fig. 2 (top) are integrated in a ±3σ Gauss region (where the width σ Gauss = 2.5 MeV/c 2 is estimated from GEANT simulations) around the expected mean value of the signal (m = 2991 MeV/c 2 ). With a chosen confidence level of 99.7% (= 3σ) the method provides a multiplicity of M F C (twopeak) = (7.04 ± respectively. The first error is calculated by varying the above mentioned topology cut values by 10% of the absolute value, while the second one is obtained by modifying the integration region of the hypertriton mass around the expected peak value (from ±1 to ±5 σ Gauss ). As the first limit M F C (twopeak) lies above the second, it is chosen as the upper limit on the hypertriton production. Therefore, the positive errors are added to the extracted multiplicity which finally leads to the limiting value of M U L = 1.04 x 10 −3 per (LVL1) triggered event. Fig. 3 shows again the invariant-mass spectrum of real data zoomed into the expected hypertriton signal region. In addition, the hypertriton peak is indicated assuming the calculated upper limit to be the actual multiplicity. The width is taken from simulated hypertritons which have passed a full GEANT simulation.
As an additional cross check of the method, simulated hypertritons were embedded into real data at such a ratio that a reconstruction is possible on a significance level comparable to the one obtained using the FeldmanCousins approach for the upper limit. The corresponding multiplicity agrees within errors with our upper limit. The upper production limit fits well into the systematics on sensitivity of the apparatus obtained for other rare hadronic probes decaying off vertex in the Ar+KCl system like e.g. the Ξ − baryon [35, 37, 38] . Considering the upper limit, an upper boundary on the ratio of the rate of hypertritons to reconstructed Λ hyperons [35] 
−2 . Note that the reconstructed Λ hyperon signal includes the feed down from the slightly heavier Σ 0 baryon which decays into a Λ and a photon with nearly 100% branching ratio. Therefore, the Λ multiplicity includes the contribution from Σ 0 decays. The calculated ratio N3 Λ H /N Λ can be confronted with theoretical model calculations. In general, the production rates of light hypernuclei relative to Λ hyperons develop a pronounced maximum in the FAIR energy domain (E kin ≈ 3 − 7 AGeV) as a consequence of the transition from a baryon dominated to a meson dominated system [27, 39] . In the statistical hadronization model, this behavior can be understood in terms of a strongly increasing baryon chemical potential µ B and a decreasing temperature T . In addition, the yields decrease again towards lower energies due to local strangeness conservation and hence canonical suppression. The authors of [27] −2 extracted from a hydro calculation using the SHASTA algorithm [39] [40] [41] . On the other hand, cascade transport codes plus a dynamical coalescence model used for clusterization tend to predict lower values like N3 Λ H /N Λ (coalescence) ≈ 1 x 10 −3 in [42] using the ART 1.0 cascade code [43] . While a combination of the Dubna Cascade Model plus a different coalescence model and the Quark-Gluon String Model [44, 45] give a value of N3 Λ H /N Λ (coalescence) = 8.3 x 10 −3 in [39, 40] . The first value for the coalescence production is for a system of comparable size (Ar+Ar), and the difference in beam energy for the predicted ratio is negligible according to the authors [46] . The second value is again predicted for central collisions of heavy nuclei. Our value of N3 Λ H /N Λ < (2.5 ± 0.3) x 10 −2 is very close to the various predicted ratios. However, to distinguish between the different production mechanisms more precise data and calculations for the exact experimental conditions like system size and centrality selections are needed. In summary, we used a high-statistic data sample of Ar(1.76 AGeV)+KCl collisions recorded with HADES to search for hypertriton production. With a confidence level of 3σ we provide an upper production limit of M U L = 1.04 x 10 −3 per (LVL1) triggered event for the hypertriton, which agrees with the expectation considering the sensitivity of the experimental setup as determined by other rare strange particles such as the Ξ − . From the upper limit the ratio of hypertritons to the successfully reconstructed Λ hyperons could be calculated to be < (2.5 ± 0.3) x 10 −2 and confronted with model calculations. Our limiting value for hypertriton production relative to the Λ is very close to the predicted ratio by various models. However, to distinguish between the different production mechanisms implemented in the models, more precise data are needed.
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